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A B S T R A C T  
Recen t  advances  in the  character iza t ion of  ion- implan ted  GaAs samples  have  inc luded  whole  wafer  mapp ing  (topog- 
raphy) and dep th  profi l ing techniques .  We rev iew several  me thods  for m a p p i n g  electr ical  parameters ,  inc lud ing  the  dark- 
spot  res is tance (DSR), and the  m i c r o w a v e  pho toconduc t ance  techniques .  In addit ion,  we  sugges t  a new photo-Hal l  tech- 
n ique  which  wou ld  al low mobi l i ty  (~) and carr ier -concentra t ion  (n) m a p p i n g  as well  as that  of  res is t ivi ty  (p). Finally,  we 
r e v i e w  m e t h o d s  for ob t a in ing  p, Ix, and n dep th  profiles,  w i th  pa r t i cu la r  e m p h a s i s  on the  app l i ca t ion  of  the  magne to r e -  
s is tance t echn iques  in actual  field-effect t ransis tor  s tructures.  
C h a r a c t e r i z a t i o n  is an  i m p o r t a n t  e l e m e n t  in t h e  pro-  
cess  of  i m p r o v i n g  s e m i c o n d u c t o r  mate r ia l s  and devices .  
N o w h e r e  is this  s t a t e m e n t  m o r e  t rue  than  in t he  p roduc-  
t i on  o f  a G a A s  M E S F E T  (meta l  s e m i c o n d u c t o r  f ie ld-eL 
f ee t  t r ans i s t o r )  by d i r e c t  ion  i m p l a n t a t i o n  in to  a semi--  
i n su l a t i ng  (SI) subs t ra te ,  because  the  cha rac te r i za t ion  
m u s t  e n c o m p a s s  t h e  b e g i n n i n g  subs t r a t e ,  t he  a c t i v e  
layer ,  and  the  f inal  dev ice .  B e c a u s e  o f  t he  m u l t i d e v i e e  
G a A s  d ig i t a l  and  ana log  c i r cu i t s  n o w  b e i n g  d e v e l o p e d ,  
and  also for  s i m p l e  e c o n o m i c  r easons ,  i t  is b e c o m i n g  
n e c e s s a r y  to use  large  area  wafers ,  typ ica l ly  of  3 in. diam. 
S u c h  wafe r s  a re  o f ten  l a t e ra l ly  i n h o m o g e n e o u s  and  so 
shou ld  be cha rac t e r i zed  over  the  who le  surface,  wh ich  is 
p r a c t i c a l  on ly  w i t h  a u t o m a t e d  t e c h n i q u e s .  In  r e c e n t  
years ,  t h e  p r o p e r t i e s  e x p l o i t e d  by n o n d e s t r u c t i v e  topo-  
g r a p h i c  t e c h n i q u e s  i n c l u d e :  p h o t o a s s i s t e d  r e s i s t a n c e  
(1-5), m i c r o w a v e  p h o t o e o n d u c t a n c e  (6, 7), p h o t o l u m i n e s -  
c ence  (8, 9), c a t h o d o l u m i n e s c e n c e  (10), p h o t o a b s o r p t i o n  
(11, 12), and  x- ray  sca t t e r ing  (13-15). F u r t h e r m o r e ,  a com-  
m e r c i a l  a p p a r a t u s  is a v a i l a b l e  for  t o p o g r a p h i c  d e v i c e  
m e a s u r e m e n t s ,  s u c h  as t r a n s c o n d u c t a n c e  and  p i n c h o f f  
vo l t age .  Thus ,  it is n o w  p o s s i b l e  to e f f i c i en t ly  m e a s u r e  
and  d i sp lay  large  v o l u m e s  of  mate r ia l  and d e v i c e  data  on 
t h e  s a m e  w a f e r  (or a d j a c e n t  wafers) ,  and  t h e n  c h e c k  for 
co r re l a t ions  b e t w e e n  the  var ious  sets of  data. 
B e s i d e s  t o p o g r a p h i c  i n f o r m a t i o n ,  d e p t h  d e p e n d e n t  
d a t a  are  a lso  e s s e n t i a l  for a c o m p l e t e  u n d e r s t a n d i n g  of  
ion  i m p l a n t e d  samples .  A w e l l - k n o w n  m e t h o d  for deter-  
m i n a t i o n  of  the  car r ie r  c o n c e n t r a t i o n  (n) profi le  is ca- 
p a c i t a n c e  vs. vo l t age  (C-V) (16). Mobi l i ty  (~)-profile anal-  
ysis ,  h o w e v e r ,  has  d e v e l o p e d  on ly  in t he  las t  f ew years  
(17-20). A t h e o r e t i c a l  ana lys i s  of  t he  c o m b i n e d  ~ and n 
p rof i l es  a l lows  the  d e t e r m i n a t i o n  of  d o n o r  (ND) and  ae- 
e e p t o r  (NA) prof i les ,  w h i c h  l eads  to a m o r e  d e t a i l e d  un-  
d e r s t a n d i n g  of  i m p l a n t  a c t i v a t i o n  p r o c e s s e s .  In  th is  pa- 
per ,  we  e m p h a s i z e  t he  m e t h o d s  for o b t a i n i n g  s u c h  
prof i l es  f r o m  ac tua l  F E T  s t r u c t u r e s  by the  use  of  t he  
m a g n e t o r e s i s t a n c e  p h e n o m e n o n .  M e t h o d s  b a s e d  on 
o t h e r  p h e n o m e n a ,  such  as C-V and Hal l  e f fec t ,  are  dis- 
c u s s e d  in less  de ta i l  s ince  t h e y  are  o lde r  and  h a v e  b e e n  
r e v i e w e d  e x t e n s i v e l y  e l s e w h e r e  (17). 
A n o t h e r  sub jec t  of  h igh  r e l e v a n c e  for dev i ce  pe r fo rm-  
a n c e  is pa ra s i t i c  r e s i s t a n c e  (Rp). The  ga t ed  T L M  p a t t e r n  
*Electrochemical Society Active Member. 
(20, 21) (a se r ies  of  F E T ' s  w i th  d i f f e r e n t  ga t e  l eng ths )  is 
use fu l  for m e a s u r i n g  Rp in the  F E T  dev ices  w h i c h  m a k e  
up  the  pa t t e rn ,  w h i l e  t he  s t a n d a r d  T L M  p a t t e r n  (22) (no - 
gates) is ideal  for i nves t iga t ing  con tac t  r e s i s t ance  (R~.). I f  
on ly  a s ing le  F E T  is be ing  s tudied,  t h e n  R,, can  be deter-  
m i n e d  by  o t h e r  t e c h n i q u e s  (23, 24). C o n t a c t  r e s i s t a n c e  
s tud ies  are espec ia l ly  r e l evan t  for ion  i m p l a n t a t i o n  char-  
ac te r i za t ion  because  of  the  w ide ly  used  se l f -a l igned  ga te  
(SAG) m e t h o d  of  source  and dra in  con tac t  fo rmat ion .  
A final p o i n t  to be  e m p h a s i z e d  is t h e  i m p o r t a n c e  of  
c h a r a c t e r i z i n g  all p h a s e s  of  t h e  GaAs  ion  i m p l a n t a t i o n  
p rocess ,  f r o m  t h e  b e g i n n i n g  s u b s t r a t e  to t he  f inal  de- 
vices .  In  th is  paper ,  we will  cons ide r  r e p r e s e n t a t i v e  tech-  
n i q u e s  f rom each  s tage,  i.e., subs t r a t e ,  a c t i ve  layer ,  and  
v a r i o u s  d e v i c e  s tages .  I t  is f u r t h e r  i m p o r t a n t  to e m p l o y  
all t he  c h a r a c t e r i z a t i o n  t e c h n i q u e s  ava i lab le ,  b e c a u s e  it  
is easy  to d raw e r roneous  conc lu s ions  f rom the  resu l t s  of  
a s ingle  e x p e r i m e n t .  Final ly ,  it is usefu l  to h a v e  o the r  re- 
s e a r c h e r s  r e p e a t  t he  e x p e r i m e n t s ,  i f  poss ib le .  S u c h  
r o u n d  r o b i n  i n t e r a c t i o n s  are  v e r y  u s e f u l  for p r o d u c i n g  
accu ra t e  and r e p r o d u c i b l e  results .  
Topography 
S i g n i f i c a n t  a d v a n c e s  in t h e  use  of  t o p o g r a p h i c  t ech-  
n i q u e s  for  t h e  c h a r a c t e r i z a t i o n  o f  c o m p o u n d  s e m i c o n -  
duc to r s  have  been  d e v e l o p e d  in the  past  f ew years  (25). I t  
is we l l  b e y o n d  the  scope  of  this  pape r  to r ev i ew  all the  re- 
c e n t  a d v a n c e s  in th is  field, so we  sha l l  s i m p l y  c o n c e n -  
t r a t e  on a few of  t he  e l e c t r i c a l  t o p o g r a p h i c  m e t h o d s .  I t  
goes  w i t h o u t  saying tha t  the  p r e sen t a t i on  of  the  resul ts ,  
u sua l ly  in the  fo rm of a " m a p , "  is near ly  as i m p o r t a n t  as 
t h e  raw da ta  i tself :  Fo r  e x a m p l e ,  co lo r  m a p  r e p r e s e n t a -  
t ions  of  two d i f fe ren t  mate r ia l  or dev i ce  p a r a m e t e r s  on a 
wafe r  can  he lp  m a k e  cor re la t ions  (or the  lack  thereof)  im- 
m e d i a t e l y  o b v i o u s ,  w h e r e a s  s i m p l e  c o m p a r i s o n s  of  t he  
n u m b e r s  at v a r i o u s  gr id  l o c a t i o n s  w o u l d  be  e x t r e m e l y  
t e d i o u s  and  p e r h a p s  u n m a n a g e a b l e .  C o m m e r c i a l  un i t s  
w h i c h  can  be  p r o g r a m m e d  to p r o d u c e  s u c h  maps ,  in a 
v i r tua l ly  inf ini te  va r ie ty  of  colors  or gray-scale  steps,  are  
n o w  avai lable .  We will  s h o w  s o m e  gray-scale  m a p s  la ter  
in this  paper .  
Dark-spot  resistance topography . - -A  s i m p l e  m e a n s  of  
m a k i n g  t o p o g r a p h i c  r e s i s t ance  m e a s u r e m e n t s  in semi-  
in su la t ing  (SI) GaAs  is the  so-cal led da rk  spot  r e s i s t ance  






Fig. 1. (a) The dark spot resistance (DSR) method; the shaded areas 
are kept dark. (b) The proposed photo-Hall Greek cross method. The 
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Fig. 3. Dark spot resistance (called OARP) compared to true dark re- 
sistivity along a SI GaAs wafer diameter. From Ref. (5). 
( D S R )  (1-3) or  o p t i c a l l y  a s s i s t e d  r e s i s t a n c e  (OAR)  (4, 5) 
t e c h n i q u e .  T h i s  m e t h o d ,  as f i rs t  d e v e l o p e d  b y  B l u n t  
et al. (1, 2), m a k e s  u s e  of  t h e  h i g h  p h o t o c o n d u c t i v i t y  of  
S I  GaAs ;  i.e., h~/% > >  1 for  on ly  m o d e r a t e  l i gh t  i n t ens i -  
t ies.  C o n s i d e r  t h e  d i a g r a m  s h o w n  in  Fig. la .  I f  two  o h m i c  
c o n t a c t s  a re  p l a c e d  on  t h e  p e r i p h e r y  of  t h e  wafer ,  a n d  a 
t h i n  sl i t  o f  l i g h t  is d i r e c t e d  b e t w e e n  t h e m ,  t h e n  a p o t e n -  
t i a l  d i f f e r e n c e  a c r o s s  t h e  c o n t a c t s  wi l l  c a u s e  a c u r r e n t  
f low on ly  in  t h e  sl i t  r eg ion ,  s i nce  t h e  c o n d u c t i v i t y  of  t h i s  
r e g i o n  wil l  b e  m u c h  h i g h e r  t h a n  t h a t  of  t h e  d a r k  a rea  of  
t h e  w a f e r .  Now,  i f  t h e  s l i t  o f  l i g h t  is b r o k e n  b y  a d a r k  
spo t ,  t h e n  t h e  c u r r e n t  wi l l  s t i l l  f low a c r o s s  t h e  sl i t ,  b u t  
t h e  r e s i s t a n c e  wil l  b e  m a i n l y  d e t e r m i n e d  b y  t h e  s h e e t  re- 
s i s t a n c e  o f  t h e  d a r k  spo t ,  w i t h  a l l o w a n c e  for  s o m e  
s p r e a d i n g  r e s i s t a n c e ,  of  course .  By  m o v i n g  t h e  d a r k  s p o t  
(cf. Fig.  l a )  w i t h i n  t h e  l i g h t  sl i t ,  t h e  w h o l e  d i a m e t e r  be-  
t w e e n  t h e  two  c o n t a c t s  c an  b e  m a p p e d .  F ina l ly ,  b y  m a k -  
i ng  o t h e r  p a i r s  of  c o n t a c t s  a r o u n d  t h e  w h o l e  p e r i p h e r y ,  
a l m o s t  t h e  e n t i r e  w a f e r  c a n  b e  ana lyzed .  A n  e x a m p l e  of  a 
c o n t o u r  m a p  o b t a i n e d  b y  t h i s  m e t h o d  is g i v e n  in Fig. 2. 
I n  s p i t e  o f  t h e  a p p a r e n t  s i m p l i c i t y  o f  t h i s  m e t h o d ,  
t h e r e  a re  u n c e r t a i n t i e s  d u e  to t h e  p a r a s i t i c  r e s i s t a n c e s :  
(i) c o n t a c t  r e s i s t a n c e ;  (ii) l i g h t - s l i t  r e s i s t a n c e ;  a n d  (iii) 
s p r e a d i n g  r e s i s t a n c e  i n to  t he  d a r k  h e m i s p h e r e s  o n  e i t h e r  
s i de  of  t h e  l i g h t  slit.  T h u s ,  i t  is  n o t  c lear ,  a priori, t h a t  a 
t r u e  d a r k  r e s i s t i v i t y  is m e a s u r e d .  In  Fig. 3, h o w e v e r ,  t h e  
a u t h o r  of  t h a t  w o r k  s h o w s  t h a t  h i s  O A R  r e s u l t s  i n d e e d  
s h o w  t h e  s a m e  p a t t e r n  as  t h e  d a r k  r e s i s t i v i t y  r e s u l t s ,  
w h i c h  w e r e  m e a s u r e d  b y  t h e  v a n  d e r  P a u w  t e c h n i q u e  
a f t e r  c u t t i n g  t h e  s a m p l e  ( s t r ip )  i n t o  s m a l l  s q u a r e s  (5). 
T h a t  s a m e  a u t h o r  a l so  c o m p a r e s  h i s  O A R  (or a c t u a l l y  
O A I P ,  " o p t i c a l l y  a s s i s t e d  i m p e r f e c t i o n  p ro f i l e " )  d a t a  
w i t h  EL2  a n d  E P D  p ro f i l e s  (5). A l t h o u g h  d e t a i l e d  rea-  
s o n s  for  t h e  o b s e r v e d  c o r r e l a t i o n s  m a y  n o t  b e  e v i d e n t ,  
n e v e r t h e l e s s  t h e  O A R  prof i l e  is s t i l l  a m e a s u r e  of  w a f e r  
u n i f o r m i t y ,  and ,  as such ,  m a y  b e  a good  p r e d i c t o r  of  t h e  
u s e f u l n e s s  of  a p a r t i c u l a r  s a m p l e  for  d e v i c e  f a b r i c a t i o n .  
l - = 1 1 0 >  
Fig. 2. Dork spot resistance contour map of an undoped, LEC, SI 
GaAs wafer (units are 10 7 D,t[]). From Ref. (1). 
I t  s h o u l d  b e  n o t e d  t h a t  a s i m p l e  v a r i a t i o n  of  t h e  D S R  
(or  OAR)  m e t h o d  w o u l d  p e r m i t  Ha l l  e f f e c t  m e a s u r e -  
m e n t s ,  a l t h o u g h  in  t h e  l ight ,  no t  t h e  d a r k  (26). As s h o w n  
in  Fig.  lb ,  two  p e r p e n d i c u l a r  b e a m s  of  l ight ,  w i t h o u t  a n y  
d a r k  spot ,  f o r m  a G r e e k  c ross  s t r u c t u r e  (wi th  a s y m m e t -  
r i c a l  a r m s ,  in  g e n e r a l ) ,  w h i c h  m a y  b e  a n a l y z e d  b y  t h e  
s t a n d a r d  v a n  d e r  P a u w  m e t h o d .  F o u r  c o n t a c t s  a re  
n e e d e d ,  i n s t e a d  of  two,  b u t  t h e y  w o u l d  a l r e a d y  e x i s t  any-  
way ,  s i n c e  g e n e r a l l y  c o n t a c t s  w o u l d  h a v e  b e e n  p l a c e d  
a r o u n d  t h e  w h o l e  p e r i p h e r y  in  o r d e r  to  c a r r y  o u t  a com-  
p l e t e  mapping. Geometric errors will not be significant if 
each arm of the cross is at least as long as it is wide. This 
means, of course, that the outer periphery of the wafer 
cannot be measured accurately unless the slit is narrow. 
Note that depth profiles may be possible here by varying 
the wavelength of the light. 
Microwave  photoconductance toPography . - -The  prev i -  
ous  dc  r e s i s t a n c e  t e c h n i q u e  r e q u i r e d  c o n t a c t s  on  t h e  pe-  
r i p h e r y  of  t h e  wafer ,  w h i c h  p r e c l u d e d  t h i s  m e t h o d  f r o m  
q u a l i f y i n g  as c o m p l e t e l y  n o n d e s t r u c t i v e .  H o w e v e r ,  b y  
using the RF or microwave absorption phenomenon, no 
contacts are required (6, 7). To produce a measurable 
absorbance in SI GaAs it is again necessary to apply 
light, although for a different reason than before. In the 
system built by Cummings et aL (7), shown in Fig. 4a, 2 
GHz power is supplied to a 1 mm diam loop placed close 
to the wafer, and a chopped light beam is focused 
through the loop onto the wafer. An identical loop forms 
the balance arm of a microwave bridge, and the output of 
the bridge is fed to a lock-in amplifier. The sample is 
scanned under the loop by means of an x-y stage and the 
variation in the microwave photoconductance (MPC) 
signal is recorded as a function of position. If above- 
bandgap light is used, then the PC is given by (7) 
- -  - [ 1 ]  
(~o (n.~t,.. + P,.~.c~) 
w h e r e  G t h e  g e n e r a t i o n  r a t e  of  e l e c t r o n - h o l e  pa i r s ,  T is 
t h e  c o m m o n  l i f e t i m e  ( a s s u m i n g  n o  t r a p p i n g ) ,  a n d  t h e  
o t h e r  s y m b o l s  h a v e  t h e i r  u s u a l  m e a n i n g s .  In  c a s e  t h e  
e l e c t r o n  a n d  h o l e  l i f e t i m e s  a re  n o t  e q u i v a l e n t ,  t h e n  ~(~,, 
+ ~,,) ~ (T,,~,, + %~,)  (27). 
I n  Fig.  4b  is s h o w n  t h e  M P C  v a r i a t i o n  b e t w e e n  s e e d  
a n d  ta i l  w a f e r s  of  a 2 in. l i qu id  e n c a p s u l a t e d  C z o c h r a l s k i  
(LEC)  G a A s  boule .  I t  is c lea r  t h a t  one  or m o r e  of  t he  pa-  
r a m e t e r s  in  Eq.  [1] m u s t  b e  v a r y i n g  r a p i d l y ,  b u t  w h i c h  
o n e s  is n o t  c lear .  T h e  a u t h o r s  c l a i m  t h a t  a c a r e f u l  com-  
p a r i s o n  of  w a f e r  m a p s  s h o w s  t h a t  t h e  M P C  v a r i e s  di- 
r e c t l y  w i t h  r e s i s t i v i t y  a n d  i n v e r s e l y  w i t h  m o b i l i t y  in  t h e  
a c t i v a t e d  r e g i m e  of  ion  i m p l a n t e d  s a m p l e s  (7). T h e y  be-  
l i eve  t h a t  t h e  l i f e t i m e  is t h e  d o m i n a n t  m e c h a n i s m  
c o n t r o l l i n g  t h e  MPC.  T h i s  h y p o t h e s i s  c o u l d  b e  c h e c k e d  
o n  s e l e c t e d  s a m p l e s  b y  m e a s u r i n g  t h e  p h o t o m a g n e t o -  
e l e c t r i c  e f f e c t  w h i c h ,  in  c o n j u n c t i o n  w i t h  P C  m e a s u r e -  
m e n t s ,  c a n  give  T d i r e c t l y  (27). 
dc Hall  effect topography . - - I t  w o u l d  b e  a d v a n t a g e o u s  
to  h a v e  a n o n d e s t r u c t i v e  m e a n s  of  p e r f o r m i n g  Ha l l  e f fec t  
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Fig: 4. (a, left) Apparatus for microwave photoconductance measurements. (b, right) Results from seed (top) and tail (bottom) wafers of a 2 in., 
undoped, LEC, SI GaAs boule. From Ref. (7). 
(or at  l e a s t  r e s i s t i v i ty )  t o p o g r a p h y  in  t h e  d a r k  on  SI  G a A s  
wafers .  U n f o r t u n a t e l y ,  s u c h  a t e c h n i q u e  d o e s  n o t  e x i s t  to 
ou r  k n o w l e d g e .  H o w e v e r ,  t h e  n e x t  b e s t  a l t e r n a t i v e ,  i.e., a 
d e s t r u c t i v e  b u t  c o n v e n i e n t  m e t h o d ,  was  d e v i s e d  b y  
V i s e n t i n  et at. (28) w h o  s i m p l y  la id  d o w n  r o w s  of  o h m i c  
c o n t a c t  do t s ,  a b o u t  1.5 m m  f r o m  e a c h  o t h e r ,  a n d  t h e n  
s a w e d  t h r o u g h  t h e  r o w s  in  b o t h  d i r e c t i o n s .  T h e  r e s u l t  
w a s  a l a t t i c e  of  i s o l a t e d ,  s q u a r e  v a n  d e r  P a u w  p a t t e r n s ,  
s e p a r a t e d  f r o m  e a c h  o t h e r ,  b u t  h e l d  in  r e l a t i v e  l o c a t i e n  
b y  g l u i n g  to a g lass  s u b s t r a t e .  B e c a u s e  of  t h e  pe r iod i c i t y ,  
s t a n d a r d  a u t o m a t i c  p r o b e r s  c a n  b e  e m p l o y e d  in  t h i s  
m e t h o d .  F o r  c o n d u c t i v e  l aye r s ,  o n  Si s u b s t r a t e s ,  p h o t o -  
l i t h o g r a p h i c  t e c h n i q u e s  c a n  b e  u s e d  to i s o l a t e  t h e  v a n  
d e r  P a u w  s q u a r e s .  
Optical absorption topography . - -Al though n o t  a n  
" e l e c t r i c a l "  t e c h n i q u e  per se, op t i ca l  a b s o r p t i o n  t o p o g r a -  
p h y  s h o u l d  b e  d i s c u s s e d  b e c a u s e  o n e  of  t h e  m a i n  p a r a m -  
e t e r s  i t  m e a s u r e s ,  n a m e l y  EL2,  is so i m p o r t a n t  to  t h e  
e l e c t r i c a l  p r o p e r t i e s  of  t h e  wafer .  A r e l a t i ve ly  s i m p l e  ap-  
p a r a t u s ,  w h i c h  is c a p a b l e  of  q u a n t i t a t i v e  m e a s u r e m e n t s  
e v e n  in  0.5 m m  w a f e r s ,  is s h o w n  in  Fig.  5 (12). F u r t h e r -  
m o r e ,  as  s h o w n  b y  D o b r i l l a  a n d  B l a k e m o r e  (29), t h e  
s a m e  a p p a r a t u s  c a n  b e  u s e d ,  w i t h  m i n o r  m o d i f i c a t i o n s ,  
for  o t h e r  e x p e r i m e n t s .  T h e  bas i c  idea  is t h a t  t h e  EL2  cen-  
t e r  a b s o r b s  1.1 ~ m  l ight ,  b u t  not ,  say, 1.8 ~ m  l ight .  T h u s ,  
b y  r a t i o i n g  t h e  t r a n s m i s s i o n s  at  t h e s e  two  w a v e l e n g t h s ,  
w i t h  i n t e n s i t y  h e l d  c o n s t a n t ,  r e f l e c t i o n s  c a n c e l  o u t  
(near ly) ,  a n d  t h e  a b s o r p t i o n  c o n s t a n t  a at  1.1 ~ m  c a n  b e  
d e t e r m i n e d .  M a r t i n  (30) h a s  s h o w n  t h a t  t h e  EL2  c o n c e n -  
t r a t i o n  is g i v e n  b y  [EL2] - ~/8.5 • 10 -~7. Th i s  is t h e  on ly  
k n o w n  m e t h o d  o f  d e t e r m i n i n g  E L 2  c o n c e n t r a t i o n  in  S I  
GaAs .  F o r  c o n d u c t i v e  GaAs ,  D L T S  c a n  b e  u s e d  (30, 31). 
Correlations of  material  and device parameters . - -A  
k e y  o b j e c t i v e  of  m a t e r i a l s - p a r a m e t e r  t o p o g r a p h y  is to  
c o r r e l a t e  w i t h  d e v i c e - p a r a m e t e r  t o p o g r a p h y .  I t  is n o w  
p o s s i b l e  to  m e a s u r e  c o m m o n  d e v i c e  p a r a m e t e r s ,  e.g., 
F E T  s a t u r a t i o n  c u r r e n t s  a n d  p i n c h - o f f v o l t a g e s ,  b y  au to-  
m a t i c  p r o b i n g  t e c h n i q u e s .  In  Fig. 6 we  s h o w  a c o m p a r i -  
s o n  of  (a) [EL2],  o b t a i n e d  b y  a b s o r p t i o n  m e a s u r e m e n t s ;  
(b) u n g a t e d ,  u n r e c e s s e d  Idss; (c) u n g a t e d ,  r e c e s s e d  I<~ss; 
a n d  (d) ga ted ,  r e c e s s e d  Ides. N o t e  t h a t  p a t t e r n s  (a) a n d  (b) 
a re  c o n s i s t e n t ,  w i t h  h i g h  v a l u e s  (da rk )  t o w a r d  t h e  bo t -  
t o m  a n d  p e r i p h e r y  of  t h e  w a f e r  b u t  o t h e r w i s e  fa i r ly  un i -  
f o r m .  H o w e v e r ,  t h e  g a t e - r e c e s s  e t c h i n g  s t e p  p r o d u c e s  a 
v e r y  de f in i t e  " U "  p a t t e r n  in  (c) w h i c h  p e r s i s t s  in  (d), a n d  
a lso  p e r s i s t s  in  t h e  p i n c h - o f f  v o l t a g e  p a t t e r n  (no t  shown) .  
T h u s ,  i t  is s e e n  a t  a g l a n c e  t h a t  t h e  g a t e - r e c e s  s e t c h i n g  
h a s  c o m p l e t e l y  m a s k e d  m a t e r i a l s  p r o p e r t i e s  as  fa r  as 
t h e i r  p o s s i b l e  e f f e c t s  u p o n  d e v i c e  p r o p e r t i e s .  W i t h o u t  
h a v i n g  e m p l o y e d  t o p o g r a p h i c  t e c h n i q u e s ,  t h i s  c o n c l u -  
s ion  w o u l d  n o t  h a v e  b e e n  n e a r l y  so obv ious .  T h e  c o l o r e d  
v e r s i o n s  of  t h e s e  m a p s  a re  e v e n  m o r e  def in i t ive .  
Depth  Profi les 
B e s i d e s  k n o w i n g  h o w  a n  e l e c t r i c a l  p a r a m e t e r  v a r i e s  
w i t h  l a t e ra l  d i m e n s i o n  ( t opog raphy ) ,  i t  is a lso  i m p o r t a n t  
to k n o w  t h e  d e p t h  va r i a t i on .  I n  M E S F E T ' s ,  for  e x a m p l e ,  
t h e  s h a r p n e s s  o f  t h e  c a r r i e r  c o n c e n t r a t i o n  ta i l  a f f e c t s  
n o i s e  p e r f o r m a n c e .  F u r t h e r m o r e ,  t h e  m o b i l i t y  in  t h i s  ta i l  
r e g i o n  c a n  give  i n f o r m a t i o n  c o n c e r n i n g  t h e  a c c u m u l a -  
t i o n  of  d e f e c t s  a n d  i m p u r i t i e s ,  w h i c h  can  h a v e  a s e r i o u s  
SI  F iNe r  Wa fe r  
Bausch & Lomb 
Tungsten High Intensity 
Light Grabng . . . . . .  
Sou rce  MonOChromator 
....... io I 
I - -  Computer, Display 
and Printer 
Fig. 5. Apparatus for EL2 absorption experiment. From Ref. (29) 
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Fig. 6. Comparisons of wafer 
maps on 3 in., undoped, SI GaAs. 
Dark shading denotes a high value 
of the relevant parameter. (a) EL2 
on substrate before implantation 
and processing; (b) Idss (low noise 
FET) after implantation and ohmic 
contact formation, but before 
gate-recess etching and gate met- 
allization; (c) Idss after recess but 
before metallization; (d) Idss after 
metallizatlon. 
e f f ec t  o n  i m p o r t a n t  p a r a m e t e r s  s u c h  as  t h e  h ig  h f ield ve-  
loc i ty  (32). We wi l l  r e v i e w  m e t h o d s  for  o b t a i n i n g  n a n d  
p ro f i l e s ,  b u t  wi l l  c o n c e n t r a t e  o n  o n e  o f  t h e m ,  t h e  m a g -  
n e t o r e s i s t a n c e  t e c h n i q u e .  
C a p a c i t a n c e - v o l t a g e  p ro f i l i ng . - -The  C-V t e c h n i q u e  
h a s  l o n g  b e e n  u s e d  for  d e t e r m i n i n g  n p ro f i l e s  (16, 17). I t  
r e q u i r e s  a S c h o t t k y - b a r r i e r  " g a t e "  of  s u f f i c i e n t  s ize  to  
a v o i d  a p p r e c i a b l e  " e d g e "  e f fec t s .  T h u s  a " F A T F E T "  
s t r u c t u r e ,  w i t h  a g a t e  a r e a  g r e a t e r  t h a n ,  say,  103 ~ m  2 
w o r k s  w e l l  for  C-V m e a s u r e m e n t s ,  w h e r e a s  a h i g h  fre-  
q u e n c y  FET,  w i t h  1/4 • 100 ~ m  gate,  w o u l d  g ive  s e r i o u s  
e r r o r s  in  b o t h  d e p t h  (z) a n d  c a r r i e r  c o n c e n t r a t i o n  (n). T h e  
r e l e v a n t  f o r m u l a s ,  for  a n  a b r u p t  j u n c t i o n ,  a re  
9  
z - [2] 
C 
1 C 3 
n(z) = - -  [3] 
eeA 2 (SC/hVQ) 
w h e r e  9 is t h e  d i e l e c t r i c  c o n s t a n t ,  A t h e  ga t e  area ,  C t h e  
g a t e  c a p a c i t a n c e ,  e t h e  a b s o l u t e  c h a r g e  o f  t h e  e l e c t r o n ,  
a n d  VG t h e  ga t e  v o l t a g e  r e f e r e n c e d  to t h e  s o u r c e .  H e r e  
a n d  in  t h e  f o l l o w i n g  s ec t i ons ,  h wil l  d e n o t e  t h e  c h a n g e  in  
s o m e  p r o p e r t y  w h e n  Vc is c h a n g e d  b y  AVe. A t y p i c a l  F E T  
a c t i v e  r e g i o n ,  o f  d e p t h  - 0 . 1  ~m,  a n d  c a r r i e r  c o n c e n t r a -  
t i o n  1.2 • 1017 cm-3; is q u i t e  idea l  for  C-V prof i l ing ,  s i nce  
t h e  fu l l  t a i l  r e g i o n  c a n  u s u a l l y  b e  d e l i n e a t e d  b e f o r e  t h e  
e x p e r i m e n t  m u s t  b e  s t o p p e d  d u e  to  r e v e r s e  b i a s  b r e a k -  
d o w n .  
I n  s p i t e  of  t h e  e x t r e m e  u s e f u l n e s s  of  t h e  C-V t e c h -  
n i q u e ,  c a r e  m u s t  b e  e x e r c i s e d  in  t h e  f o l l o w i n g  s i t ua -  
t i ons :  (i) t h e  d o p a n t  c o n c e n t r a t i o n  is c h a n g i n g  a p p r e c i a -  
b ly  w i t h i n  a D e b y e  l e n g t h  (o f ten  t r u e  in  t h e  ta i l  r eg ion) ;  
(ii) s e r i e s  r e s i s t a n c e  e f f e c t s  a r e  i m p o r t a n t ,  i.e., ~oRC >~ 1 
(u sua l l y  s e r i o u s  n e a r  p inch-of f ) ;  or  (iii) ga te  c u r r e n t  is be-  
i n g  d r a w n .  V a r i o u s  a u t h o r s  h a v e  a t t e m p t e d  to  a d d r e s s  
i t e m s  (i) (33-35) 'and (ii) (36). 
C o n d u c t a n c e  p ro f i l i ng . - -A  s t a n d a r d  Ha l l  ba r ,  or  v a n  
d e r  P a u w  s t r u c t u r e ,  w i t h  a S c h o t t k y  ga te  (see Fig. 7) c an  
b e  u s e d  for  c o n d u c t a n c e  prof i l ing .  M o r e  c o n v e n i e n t l y ,  a 
F E T  i t s e l f  c a n  b e  u s e d  fo r  t h i s  p u r p o s e ,  a l t h o u g h  p a r a -  
s i t ic  r e s i s t a n c e  c a n  b e  a p r o b l e m  in  t h i s  c a se  (20). T h e  rel-  
e v a n t  f o r m u l a  for  t h e  F E T  is 
AG l 
~(z) - [4] 
Az w 
w h e r e  G =- ID/VD is t h e  c o n d u c t a n c e ,  a n d  w a n d  l a re  t h e  
ga te  w i d t h  a n d  l e n g t h ,  r e s p e c t i v e l y .  (Here,  ID a n d  VD are  
t h e  d r a i n  c u r r e n t  a n d  v o l t a g e ,  r e s p e c t i v e l y ) .  T h e  p r o b -  
l e m  in  a p p l y i n g  Eq.  [4] is t h a t  hz is g e n e r a l l y  n o t  k n o w n  
w i t h o u t  t h e  b e n e f i t  of  a c a p a c i t a n c e  m e a s u r e m e n t .  Wi th  
a c a p a c i t a n c e  m e a s u r e m e n t ,  h o w e v e r ,  a p o w e r f u l  c o m b i -  
n a t i o n  is a v a i l a b l e  for  b o t h  n a n d  ~ p ro f i l i ng ,  as  d is -  
c u s s e d  in  t h e  n e x t  s ec t ion .  
C a p a c i t a n c e - c o n d u c t a n c e  pro f i I ing . - -One  of  t h e  f i rs t  
t e c h n i q u e s  i n t r o d u c e d  for  o b t a i n i n g  m o b i l i t y  prof i les  in-  
v o l v e d  a c o m b i n a t i o n  of  c a p a c i t a n c e  a n d  c o n d u c t a n c e  
(37, 38), b a s e d  o n  Eq.  [4] a n d  t h e  r e l a t i o n s h i p  r = 
en(z)~(z). T h e  e x p r e s s i o n  for  c a p a c i t a n c e - c o n d u c t a n c e  
m o b i l i t y  c a n  b e  w r i t t e n  (20, 38) 
12AID/hVo 12gin 
~cc(z) - - [5] 
CVD CVD 
w h e r e  gm is t h e  t r a n s c o n d u c t a n c e .  ( S o m e  e x p e r i m e n t s  
m e a s u r e  gm d i r e c t l y . )  I n  o u r  e x p e r i e n c e ,  Eq .  [5] is o f t e n  
i n a c c u r a t e  w h e n  t h e  c h a n n e l  is o p e n  a n d  t h e  ga te  l e n g t h  
is s m a l l ,  b e c a u s e  t h e n  t h e  p a r a s i t i c  r e s i s t a n c e  m a y  b e  
c o m p a r a b l e  to  t h e  c h a n n e l  r e s i s t a n c e  (20). M o r e o v e r ,  
n e a r  p i n c h - o f f ,  s e r i e s  r e s i s t a n c e  e f f e c t s  c a n  d i s t o r t  t h e  
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Fig. 7. (a) Hall-bar structure, drawn to scale with I = w ~ 30 ~m. The dotted lines denote the Schottky-barrier gate. Current directions refer to 
electron flow. (b) Typical FATFET structure, not drawn to scale, with I = 50 ~m, w ~ 400 ~m, and a ~ 0.1 ~m, respectively. The bottom part of (b) 
is an expanded cross-sectional view of the region under the gate. From Ref. (20). 
c a p a c i t a n c e  (36). Thus ,  we  w o u l d  r e c o m m e n d  one  of  the  
m e t h o d s  d i s cus sed  be low if  a m a g n e t i c  field is avai lable .  
Hall  effect pro f i l ing . - -The  add i t ion  of  a m a g n e t i c  field 
a l l ows  t h e  p o w e r f u l  Ha l l  e f f ec t  and  m a g n e t o r e s i s t a n c e  
(MR) t e c h n i q u e s  to be  e m p l o y e d  (17). I f  I,. is t he  cu r r en t  
pa r a l l e l  to t he  l o n g  d i r e c t i o n  of  t he  Hal l  ba r  (cf. Fig.  7), 
and  V,. and  V, are the  vo l tages  def ined  in Fig. 7, t h e n  the  
prof i les  of  ~ .  and n .  can be def ined  as 
I• 
~R(z) = - [6] 
B w M I , J V , o  ) 
B[ A(I.r,,/V +,) ] "2 
n.(z)  - [7] 
eAzA(I.,.V,/V ~ 2) 
w h e r e  B is t he  m a g n e t i c  field s t rength ,  and  the  subsc r ip t  
zero deno t e s  B = 0. The  d e p t h  z can  be  d e t e r m i n e d  e i the r  
f r o m  a c a p a c i t a n c e  m e a s u r e m e n t ,  i f  a S c h o t t k y  ga te  is 
u sed ,  or  f r o m  a s t e p - h e i g h t  ana lyzer ,  i f  an  e t c h i n g  t ech-  
n i q u e  is used.  H o w e v e r ,  no te  tha t  the  m a g n i t u d e  of  #H(z) 
d o e s  n o t  d e p e n d  u p o n  hz, so t h a t  a Vc-profi le  of  ~ m a y  
be  o b t a i n e d  e v e n  i f  a z-prof i le  m a y  not.  Th is  p o s s i b i l i t y  
does  no t  ho ld  for n , ,  however ,  because  it d e p e n d s  u p o n  
Az. 
I f  t he  van  der  P a u w  t e c h n i q u e  is used  (17), t hen  ~ .  and 
(Eq. [4]) shou ld  be mu l t i p l i ed  by  in 2/v. H o w e v e r ,  no te  
tha t  the  m e a s u r e m e n t s  are n o w  b e c o m i n g  ra the r  compl i -  
ca ted .  F o r  t h e  s i m p l e  Hal l  ba r  con f igu ra t i on ,  f ive mea-  
s u r e m e n t s  (I~, Ix0, V ,  V~0, V,,) have  to be  t aken  at each  V<;, 
and  for the  van  der  P a u w  conf igura t ion ,  at least  par ts  of  
th is  s e q u e n c e  are  r e p e a t e d  t h r o u g h  six d i f f e r e n t  e lec-  
t r o d e  con f igu ra t i ons .  Thus ,  t he  w h o l e  t e c h n i q u e  can  be  
r a t h e r  t i m e  c o n s u m i n g .  Note ,  h o w e v e r ,  t ha t  Hal l  e f f ec t  
m e a s u r e m e n t s  h a v e  the  a d v a n t a g e  of  b e i n g  f ree  f r o m  
p a r a s i t i c  r e s i s t a n c e  ef fec ts ,  b e c a u s e  t h e  v o l t a g e  p r o b e s  
ca r ry  no current .  
Magnetores is tance  prof i l ing . - - In  con t ras t  to Hal l  e f fec t  
p rof i l ing ,  MR prof i l ing  is ba s i ca l l y  q u i t e  s imp le .  I f  t he  
Ha l l  v o l t a g e  is s h o r t e d  out .  as is t r u e  for  an  F E T - t y p e  
c o n f i g u r a t i o n ,  t h e n  t h e  g e o m e t r i c  MR case  ho lds ,  and  
~(~MR can be  wr i t t en  (20) 
1 ( AGo ),/z 
~GMR(Z) = ~ -  \ ~ G -  - 1 [8] 
I f  the  e lec t rons  are  degene ra t e ,  Eq.  [8] ho lds  for a rb i t ra ry  
B (39) ( e x c e p t  at v e r y  low t e m p e r a t u r e s  and  h i g h  f ie lds  
w h e r e  q u a n t u m  effects  b e c o m e  impor tan t ) ;  if  n o n d e g e n -  
crate,  t h e n  Eq. [8] is val id  only  if  t~2B 2 < <  1 (20). 
A l t h o u g h  the  s impl i c i ty  of  Eq.  [8] is an a d v a n t a g e  wi th  
r e s p e c t  to t he  Hal l  e f f ec t  case,  st i l l  t h e r e  is a d i s a d v a n -  
tage ,  n a m e l y ,  t ha t  pa ra s i t i c  r e s i s t a n c e s  m a y  be  i m p o r -  
tant ,  s ince  the  vo l tage  (VD) is m e a s u r e d  b e t w e e n  cu r r en t  
ca r ry ing  contacts .  One way  a r o u n d  this  p r o b l e m  is to use  
a tes t  s t ruc tu re  such  as tha t  d e p i c t e d  in Fig. 8, w h i c h  bas- 
ica l ly  con ta ins  two  or m o r e  F E T ' s  wi th  n o t h i n g  d i f fe ren t  
e x c e p t  t he  ga te  l e n g t h s  (21, 40). Thus ,  t he  r e s i s t a n c e  Rk 
b e t w e e n  two  o h m i c  con tac t s  separa ted  by (/ok + 2lA) is 
Rk = 2Re + 2Rs lA  + Rs<; l<;~ [9a] 
W W 
=- R,, + RSG - -  [9b] 
W 
~/~v ~v~~v Generalized -~- = Test Structure 
s D 
L L... Active Layer 
I ~  r  I ~  es~----I ], es3 
Sl Substrate 
Fig. 8. A generalized test structure useful for mobility, sheet resist- 
ance, and contact resistance measurements. From Ref. (40). 
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where  Rs (Rs(~) is the sheet  res is tance  of the ungated  
(gated) s emiconduc to r  material .  A plot  of  Rk vs. l(;k will  
give both R,, (intercept) and Rsc~ (slope), and the conduct-  
ance is then  jus t  G =- w/l~;kRsc;. It is obvious  that  R,, be- 
comes  re la t ive ly  less impor tan t  near  p inch-of f  (large 
Rs(;), and for long gate devices (large l(~k). 
Note that ifRsc = Rs for all k, i.e., no gates, then the pat- 
tern  in Fig. 8 rever ts  to the s tandard TLM pat tern  for 
contact  resistance measurements  (22). In this case, a plot 
of Rk vs. lk (Ik = 21A + lak) has a slope of Rs and a y-axis in- 
tercept  of 2Re. By applying a magnet ic  field to these mea- 
surements ,  the average mobili ty of the bulk semiconduc-  
tor  mater ia l  may be obta ined  from Eq. [9a], where  now 
Go/G = Rs/Rs,, It is interest ing that  the contact  resistance 
will  also, in general,  have a magne t ic  field dependence ;  
these ideas are considered in detail e lsewhere (41). 
Finally,  if only a single FET device  is being studied,  
and it is necessary to measure parasitic resistance, there 
are recent ly  deve loped  me thods  which  make  use of the 
source-dra in  vol tage dependence  of the gate cur ren t  
(23, 24). Al though these methods  work, it is still bet ter  to 
use at least  two FET's ,  with d i f ferent  gate lengths,  if  
possible. 
An appl ica t ion  of these  ideas is p resen ted  in Fig. 9. 
Shown are two MESFET's ,  each formed from an implant  
of 4 • 10 ~2 100 keV Si ions/cm ~ directly into SI GaAs with 
subsequent  capping (Si.~N4) and annealing at 850~ for 15 
min in an inert gas atmosphere.  These particular devices 
were FATFET's  (50 • 400 ~tm gates) so that C-V measure- 
ments  could  also be performed.  Low source-dra in  volt- 
ages (20 mV) insured  that  the dep le t ion  region was uni- 
form under  the gate so that  z was a constant  over the full 
gate length.  Other  detai ls  of the me thod  used may be 
found in Ref. (20). F r o m  the C-V data alone (n profiles), 
one would conclude that  device no. 2 (D2) was closer to 
the LSS  profile than D1, sugges t ing  that  dopan t  diffu- 
sion was lower  and that  overal l  device  qual i ty  was thus 
p robab ly  h igher  in D2. However ,  the GMR data (~ pro- 
files) give a complete ly  different picture. For D1, t~ is rel- 
at ively flat, even increasing in the interface region, while 
for D2, it displays a sharp decrease. A theoret ical  mobil- 
ity analysis gives an acceptor-concentrat ion profile near 
background for D 1, but  a high interface acceptor  concen- 
trat ion for D2, perhaps due to acceptor  diffusion into the 
in ter face  region. Evident ly ,  the apparen t  sharpness  of  
the D2 n profile is at least partially due to the excess ac- 
ceptors in the interface region. Thus, the mobil i ty  profile 
allows a much  more complete  picture of the conduct ive  
region,  and can be, as in this case, a cri t ical  factor in 
de termining the quali ty of the active layer. 
Summary 
Character iza t ion  of ion implan ted  layers has made  
rapid strides in the last few years, especially in the mea- 
su remen t  of lateral  and ver t ica l  var ia t ions  of some pa- 
rameters .  Severa l  techniques ,  some nondes t ruc t ive ,  
have  been  devised  for making  rapid, automated,  whole  
wafer  topograph ic  scans. By corre la t ing the results  of 
these  scans wi th  those  o{'the impor tan t  device  parame- 
ters  af ter  final fabricat ion,  it is possible  to s tudy the ef- 
fects of material  parameters  upon device properties. 
Depth  profiling techniques  have been enhanced by 
the d e v e l o p m e n t  of the geomet r ic  magne to res i s t ance  
me thod  for the de te rmina t ion  of mobi l i ty  profiles in ac- 
tual FET-type  devices. Knowledge of the mobil i ty  profile 
is necessary for a complete  electrical characterization of 
the active layer. 
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Reactive Ion Etching of Through-the-Wafer via Connections for 
Contacts to GaAs FET's 
C. B. Cooper I I I ,  M .  E. Day, C. Yuen,  and M .  Sal imian 
Varian Research Center, Palo Alto, California 94303 
A B S T R A C T  
Through- the-wafer  via connec t ions  can provide  low i m p e d a n c e  contac ts  for GaAs FET ' s  wh ich  signif icantly improve  
dev ice  characteris t ics .  In  this paper,  we descr ibe  the  use of  a s imple,  thick,  pos i t ive  resis t  mask  toge ther  wi th  react ive ion 
e t ch ing  in low pressure  SiC1JC12 mix tures .  This  process  provides  contro l led  via profiles sui table  for connec t ions  t h rough  
100 ~m th i ck  subs t ra tes .  T h e  use  of  th is  p rocess  in the  f ab r i ca t ion  of  a m o n o l i t h i c  d i s t r i b u t e d  ampl i f ie r  r e su l t ed  m a 
s ignif icant  i m p r o v e m e n t  in gain. 
In  r ecen t  years ,  the  fabr ica t ion  of  GaAs  m o n o l i t h i c  mi- 
c r o w a v e  i n t e g r a t e d  c i r cu i t s  (MMIC's)  w i t h  t h r o u g h - t h e -  
w a f e r  v ia  c o n n e c t i o n s  has  r e c e i v e d  c o n s i d e r a b l e  a t t en-  
t ion,  s ince  these  c o n n e c t i o n s  wil l  i m p r o v e  d e v i c e  ga in  as 
we l l  as a l low i n c r e a s e d  pack ing  densi ty .  
The  r e q u i r e m e n t s  for a t h r o u g h - t h e - w a f e r  v ia  p roce s s  
inc lude :  (i) a suf f ic ient ly  se l ec t ive  e tch  of  t he  subs t ra te  to 
m a s k  m a t e r i a l  to a l l ow  d e e p  v ia  e t ch ing ,  (ii) a h i g h  de- 
g r e e  of  d i m e n s i o n a l  con t ro l ,  (iii) s i d e w a l l s  t ha t  are  
s m o o t h  and s o m e w h a t  s loped  to faci l i ta te  meta l l i za t ion ,  
(iv) g o o d  s e l e c t i v i t y  to t h e  m e t a l l i z a t i o n  on  the  f ron t  of  
t h e  wafer ,  and  (v) suf f ic ien t  p rocess  l a t i t ude  to a l low for 
t h e  o v e r e t c h  r e q u i r e d  to a c c o u n t  for  t h i c k n e s s  n o n u n i -  
f o rmi ty  r e su l t i ng  f rom the  t h i n n i n g  process .  
Via ho les  have  p r ev ious ly  b e e n  e t c h e d  us ing  we t  e t ch  
t e c h n i q u e s .  H o w e v e r ,  t h e s e  p r o c e s s e s  u s u a l l y  su f fe r  
f rom a lack  of  prof i le  and d i m e n s i o n a l  control .  With the  
a d v e n t  of  r e a c t i v e  ion  e t c h i n g  (RIE)  t e c h n i q u e s ,  a f ew  
i n v e s t i g a t o r s  s t u d i e d  d ry  e t c h i n g  of  d e e p  v ia  holes .  
D ' A s a r o  et al. (1) u t i l i z ed  a n e g a t i v e  p h o t o r e s i s t  m a s k  
and  a BC13/C12 m i x t u r e  to e t ch  30 ~m deep  via  holes.  More  
r ecen t  repor t s  de sc r ibe  the  use  of  me ta l  or  ox ide  m a s k s  
and  Freon-12  m i x t u r e s  for v ia  e t c h i n g  (2, 3). H o w e v e r ,  
me ta l  masks  are diff icul t  to pa t t e rn  and c o m p l i c a t e  sub-  
s e q u e n t  p rocess ing .  The  use  of  Freon-12 as the  e t ch  gas 
c a u s e s  e x t r e m e l y  r o u g h  s i d e w a l l s  (3). F u r t h e r m o r e ,  t h e  
c h a m b e r  w o u l d  r e q u i r e  f r e q u e n t  c l e a n i n g  d u e  to poly-  
m e r  film fo rmat ion .  
T h e  p r o c e s s  d e s c r i b e d  b e l o w  uses  a p o s i t i v e  p h o t o r e -  
s i s t  m a s k  t o g e t h e r  w i t h  a SiC1JCI~ R I E  p r o c e s s  to pro-  
d u c e  v ias  for  t h r o u g h - t h e - w a f e r  c o n n e c t i o n s .  A k e y  fea- 
t u re  of  t h e  p roces s  is the  c o m b i n a t i o n  of  e tch  c h e m i s t r y  
and  m a s k  e r o s i o n  to p r o d u c e  a s l i gh t ly  s l o p e d  s i d e w a l l  
prof i le .  We s t u d i e d  a v a r i e t y  of  m a s k i n g  m a t e r i a l s  in- 
c l u d i n g  m e t a l s  and  d i e l ec t r i c s .  H o w e v e r ,  t h e s e  m a s k s  
w e r e  found  u n s u i t a b l e  for a n u m b e r  of  reasons .  Redepo -  
s i t ion  of  s p u t t e r e d  NiCr  masks  in the  via  area  p r o d u c e d  
v e r y  r o u g h  prof i les  d u e  to m i c r o m a s k i n g .  T h e s e  m a s k s  
a lso  r e s u l t e d  in a r e - e n t r a n t  p rof i le  for  d e e p  e t ches .  An  
i m p r a c t i c a l l y  t h i c k  l ayer  of  o x i d e  w o u l d  be  r e q u i r e d  to 
m a s k  t h e  v ia  p r o c e s s  d u e  to t h e  s l o w  s p u t t e r  e t c h i n g  o f  
t h e  o x i d e ,  and  an e x t r a  e t c h  s tep  w o u l d  be  r e q u i r e d  to 
ob t a in  a t ape r ed  ox ide  profile. The  p rocess  d e s c r i b e d  be- 
l ow p r o d u c e d  c o n n e c t i o n s  su i t ab le  for MMIC ampli f iers .  
Exper imenta l  
The  f ront  of  the  dev ice  wafe r  is a t t ached  to a glass sub-  
s t ra te ,  and  the  wa fe r  is t h i n n e d  d o w n  to 100 ~m th ick .  
S a m p l e  sizes r a n g e d  f r o m  smal l  p i e c e s  to 2 in. wafe rs .  
The  e x p o s e d  back  of  the  wafe r  is p a t t e r n e d  wi th  an AZ  
4000 ser ies  res is t  m a s k  tha t  is 13-16 ~m thick.  A h igh  t em-  
p e r a t u r e  pos tbake  at 150~ was used  to inc rease  the  e tch  
r e s i s t ance  of  the  pho to re s i s t  and to f low the  res is t  to pro-  
d u c e  a s loped  profile.  
A c o m m e r c i a l l y  ava i l ab le  P l a s m a T h e r m  PK2426 reac-  
t i v e  i on  e t c h  was  u s e d  for  all  e x p e r i m e n t s .  T h e  s y s t e m  
cons i s t s  o f  a 22 in. d i a m e t e r  a l u m i n u m  e l e c t r o d e  w h i c h  
was  c o o l e d  to 20~ d u r i n g  all  e x p e r i m e n t s .  T h e  [100] 
GaAs  samples  were  p laced  on a 6 in. Si wafer ,  w h i c h  to- 
g e t h e r  w i t h  an a n o d i z e d  c o v e r  p la te ,  p r o t e c t e d  t h e  A1 
e l e c t r o d e .  T h e  s y s t e m  was  first  e v a c u a t e d  w i t h  a t u rbo -  
m o l e c u l a r  p u m p  to 5 • 10 ~ to r r  or  l ower  to r e m o v e  wa te r  
v a p o r  and  o the r  c o n t a m i n a n t s  f rom the  c h a m b e r  walls.  A 
Roo t s  b lower  p u m p i n g  sys t em m a i n t a i n e d  p roces s  pres-  
su r e s  b e t w e e n  25 and  100 mto r r .  T h e  s y s t e m  was  oper -  
a t e d  at 13.56 MHz in a dc  bias  c o n t r o l  m o d e  w h i c h  was  
v a r i e d  in t h e  r a n g e  of  - 1 0 0  to -375V,  c o r r e s p o n d i n g  to 
p o w e r  dens i ty  var ia t ions  in the  range  0.1-0.7 W/cm 2. The  
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Fig. 1. Etch rate vs.  total flow rate (Fsic14 + F(.,2) 
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